Abstract. Focusing on conversion-time delays in athermal martensites, we present our results on underdamped strain dynamics of triple-well Landau free-energies with power-law anisotropic interactions for square-rectangle ferroelastic transition. After a temperature quench of 2% initial martensite seeds, the deterministic underdamped strain dynamics shows, interestingly, both fast conversions below a temperature and incubation delays above it, as in experiment and Monte Carlo simulations. On increasing damping constant, the fast conversions transform to incubation delays. Surprisingly, conversion-time delays have Vogel-Fulcher divergences as in Monte Carlo simulations. Microstructural evolutions are in good agreement with earlier studies.
INTRODUCTION
On cooling, martensitic materials such as steels, shape memory alloys, and high-ܶ superconductors, undergo solid-solid unit-cell shape changing first order martensitic transitions. The high temperature unit-cell is 'austenite' and low temperature one is 'martensite'. As martensites are very useful technological materials, a broad field of research is focused in understanding their transformation dynamics [1] .
On cooling below a martensite start temperature ‫ܯ‬ ௦ , martensites are classified into two categories: athermal, in which austenite converts (or deforms) to martensite in milliseconds below ‫ܯ‬ ௦ , and no such conversions above it; and isothermal, that have slow delayed conversions [2] . This traditional classification of martensites is questioned as experiments found slow conversions in athermal martensites that were expected to have fast/no conversions [3] . On magnetic field and hydrostatic pressure, the athermal rapid conversions transform to isothermal delays or vice versa [4] .
Shankaraiah et al [5] performed systematic Monte Carlo (MC) temperature-quench simulations on 3-state discrete strain-pseudospin model for square-rectangle (SR) transition in 2D [6] : showed both isothermal and athermal martensite regimes; and their transformation from one to another on changing material parameters. In athermal regime, conversion delays have VogelFulcher divergences and Log-normal rate distributions from dominant entropy barriers [5] .
The economic discrete 3-state strain-pseudospin model Hamiltonian for SR transition is systematically derived by Shenoy et al [6] from its continuous strain free-energy [7] . Lookman et al [7] derived continuous strain free-energy and power-law anisotropic potential (PLA) for SR transition and focused to study only microstructural evolutions.
In the current work, we use SR strain free-energy with PLA interactions [7] focusing on to see if there are conversion-time delays, and if so do they have Vogel-Fulcher divergences, which were seen in MC simulations [5] . We also present textural evolutions which are in good agreement with earlier studies [7] .
STRAIN FREE-ENERGY AND UNDERDAMPED DYNAMICS
In 2D, there are 3 physical strains that are linear combinations of 3 Cartesian strain tensor components
deviatoric ݁ ଶ ൌ ሺ݁ ௫௫ െ ݁ ௬௬ ሻȀξʹ; shear ݁ ଷ ൌ ʹ ݁ ௫௬ , strains. The SR transition has ݁ ଶ ൌ ݁ as order parameter (OP) and ݁ ଵ ǡ ݁ ଷ as non-OP strains. The strain free-energy for this transition is,
The first Landau free-energy term ‫ܨ‬ ሺ݁ሻ has triplewell form for a first-order transition,
where ‫ܧ‬ is an elastic energy per unit-cell and the scaled temperature ߬ሺܶሻ ൌ ሺܶ െ ܶ ሻȀሺܶ െ ܶ ሻ. Here, ܶ is the first-order Landau transition temperature; and ܶ is metastable austenite spinodal temperature. The second domain-wall cost Ginzburg term ‫ܨ‬ ீ ሺ݁ሻ, with domain wall thickness parameter ߦ ଶ , is
In simulations on a discrete lattice, we consider lattice constant ܽ ൌ ͳǤ The third term ‫ܨ‬ is harmonic in non-OP strains ݁ ଵ ǡ ݁ ଷ . Minimization of this term subject to the St.Venant compatibility condition generates a PLA potential between OP strains,
where ‫ܣ‬ ଵ is an elastic stiffness constant; the potential U(ܴ ሬԦ ሻ̱ ͳȀܴ ௗ with spatial dimension ݀ ൌ ʹ here. The discrete difference operator ȟ ሬ ሬԦ ื ‫ܭ݅‬ ሬ ሬԦ ǡ in Fourier space, where ‫ܭ‬ ఓ ൌ ʹ ሺ݇ ఓ Ȁʹሻ. The interaction Fourier kernel [7] with elastic stiffness ‫ܣ‬ ଷ is ,
In preferred ߠ ൌ േߨȀͶ diagonal directions, ܷሺ݇ ሬԦ ሻ ൌ Ͳ.
Here, ߭൫݇ ሬԦ ൯ ൌ ͳ െ ߜ ሬԦ ǡ Ǥ The competition between the nearest-neighbour and PLA interactions gives rise to complex non-uniform domain wall textures [5, 7] . The evolution of 1D strain e(x,t) in the BalesGooding model [8] [7] , and scaling (7) We solve this dynamical equation on a lattice of size ܰ ൌ ‫ܮ‬ ଶ ൌ ͷͳʹ ଶ , with Ȧ ൌ ͳǡ ͳͲ ଷ ǡ ߦ ଶ ൌ ͳ, ‫ܣ‬ ଵ ൌ Ͷ, and holding time ‫ݐ‬ ൌ ͳͲ ହ with ‫ݐ݀‬ ൌ ͲǤͲͷ.
RESULTS AND DISCUSSIONS
After a quench of initial 2% of martensite seeds to a temperature Ĳ(T), we define [9] Figure 2 shows microstructural evolution after a quench to ߬ ൌ െͲǤͳ for Ȧ ൌ ͳ: the 2% martensite initial seeds quickly transform to form a transient state that changes to a disordered domain wall martensite 'liquid' phase, which finally orient to form twinned martensite 'crystal' phase [5, 7] . As shown in Figure 3 , after a quench to ߬ ൌ െ͵ for Ȧ ൌ ͳ, the disordered domain wall liquid forms rapidly but the domain walls are orienting very slowly.
Damping Parameter And TTT Curves
Our results in Figure 4 are qualitatively in good agreement with experiment and MC simulations [3, 5] : there are both fast conversions below a temperature, and delays above it. FIGURE 2. Microstructural evolution after a quench from 2% initial martensite seeds to ߬ ൌ െͲǤͳ for Ȧ ൌ ͳ. The austenite is represented by value zero (green) in the colorbar. Textural evolution is in agreement with Lookman et al [7] . The conversion delay tails rise to diverge at a temperature ߬ ସ or ܶ ସ ሺ‫ا‬ ܶ ሻ above which there are no conversions even for longer holding times.
On increasing damping parameter Ȧ, the fast conversions transform to incubation-delays [4, 5] . The conversion-delay tails have Vogel-Fulcher divergences [9] as in MC simulations [5] . The transition temperature ܶ ସ decreases with ȦǤ 
SUMMARY
We consider triple-well Landau free-energies with PLA interactions for SR ferroelastic transition in 2D. The microstructural evolutions are in agreement with earlier studies. The deterministic strain dynamics shows both fast conversions below a temperature and delays above it as in experiment and MC simulations. The fast conversions transform to delays on increasing the damping constant. Finally, the conversion-delays have Vogel-Fulcher divergences as in MC simulations.
